In recent years, scheduling research has had an increasing impact on practical problems, and a range of scheduling techniques have made their way into realworld application development. Constraint-based models now couple rich representational flexibility with highly scalable constraint management and search procedures. Similarly, mathematical programming tools are now capable of addressing problems of unprecedented scale, and meta-heuristics provide robust capabilities for schedule optimisation. With these mounting successes and advances, it might be tempting to conclude that the chief technical hurdles underlying the scheduling problem have been overcome. However, such a conclusion (at best) presumes a rather narrow and specialised interpretation of scheduling, and (at worst) ignores much of the process and broader context of scheduling in most practical environments. In this note, I argue against this conclusion and outline several outstanding challenges for scheduling research.
1.

STATE OF THE ART
More than once in the past couple of years, I have heard the opinion voiced that "Scheduling is a solved problem". In some sense, it is not difficult to understand this view. In recent years, the scheduling research community has made unprecedented advances in the development of techniques that enable better solutions to practical problems. In the case of AI-based scheduling research (the field I am most familiar with), there are now numerous examples of significant success stories. Constraint satisfaction search with dynamic backtracking has been used to successfully solve an avionics processor scheduling problem involving synchronisation of almost 20,000 activities under limited resources and complex temporal constraints (Boddy and Goldrnan, 1994) . Program synthesis technology has been used to derive efficient constraint propagation code for large-scale deployment scheduling problems that has been demonstrated to provide several orders of magnitude speed-up over current tools (Smith et al., 1995) . Genetic algorithm based scheduling techniques (Syswerda, 1991) have transitioned into commercial tools for optimising manufacturing production. Incremental, constraint-based scheduling techniques have been deployed for large-scale operations such as space shuttle ground processing (Zweben et al., 1994) and day-to-day management of USAF airlift assets (Smith et al., 2004a) .
These examples of application successes reflect well on the effectiveness and relevance of underlying research in the field of scheduling. However, to extrapolate from such examples to the conclusion that the chief technical hurdles underlying the scheduling problem have now been overcome is a considerable leap. The scheduling research community has become a victim of its own success.
Summarising the current state of the art, we can indeed identify several technological strengths:
Scalability. Current scheduling techniques are capable of solving large problems (i.e. tens of thousands of activities, hundreds of resources) in reasonable time frames.
Modelling$exibility. Current techniques are capable of generating schedules under broad and diverse sets of temporal and resource capacity constraints.
Optimisation. Research in applying various global, local and metaheuristic based search frameworks to scheduling problems has produced a number of general approaches to schedule optimisation, and increasing integration of AI-based search techniques with mathematical programming tools (e.g. linear, mixed-integer constraint solvers) is yielding quite powerful optimisation capabilities.
Taken together, there is a fairly transferrable set of techniques and models for efficiently generating high quality schedules under a range of constraints and objectives.
On the other hand, claims that these technological strengths demonstrate that the scheduling problem is solved, and hence research funds and activity would be better focused elsewhere, must be considered more carefully. At best, these claims presume a narrow (perhaps classical) definition of scheduling as a static, well-defined optimisation task (a sort of puzzle solving activity). But, even under this restricted view of scheduling, one can argue that the conclusion is debatable. Despite the strengths of current techniques, the problems being addressed by current scheduling technologies are generally NP hard and solved only approximately; there is considerable room for improvement in techniques for accommodating different classes of constraints and for optimising under
